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(57)Abstract: 

PURPOSE: To easily form a porous calcium phosphate film having a t& 
definite thickness by applying a slurry containing a specific calcium 
phosphate to a ceramic substrate and calcining the coated substrate. 
CONSTITUTION: A slurry having a viscosity of <10cp is produced by 
dispersing 0.1~10wt.% of calcium phosphate having a primary particle 
diameter of <1,000&angst;, a Ca/P ratio of 1.5-1.666 and a purity of > 
99.5wt.%. The slurry and air B are supplied to a two-fluid nozzle 1 and 
sprayed at a volume ratio (slurry /air) of 1/(3,600-1,000) while scanning 
at a speed of 10-100cm/sec to apply the slurry to a ceramic substrate 
3. The coated substrate is dried and then calcined at 700-1400° C. 
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SPECIFICATION 

1. TITLE OF THE INVENTION 

METHOD FOR MANUFACTURING CERAMICS MATERIAL HAVING CALCIUM 
PHOSPHATE POROUS MEMBRANE 

2. WHAT IS CLAIMED IS; 

1. A method for manufacturing a ceramics material having 
a calcium phosphate porous membrane, the method comprising the 
steps of: 

atomizing and applying a slurry containing 0 . 1 to 1 0% by weight 
of calcium phosphate having a primary particle diameter of 
1000A or less and Ca/P ratio of 1.5 to 1.666 onto a ceramics 
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substrate, the slurry having a viscosity of 10 cp or less; 

drying the ceramics substrate onto which the slurry is 
atomized and applied; and 

firing the ceramics substrate at 700°C to 1400°C. 

2. The method for manufacturing the ceramics material 
according to claim 1, wherein the slurry is atomized and applied 
using a two-fluid nozzle in a manner that a volume ratio of 
slurry supply quantity/air supply quantity is set to be 1/3600 
to 1/1000. 

3. The method for manufacturing the ceramics material 
according to claim 1, wherein the two-fluid nozzle scans the 
substrate desired to be atomized and applied, at a speed of 
10 to 100 cm/second. 

4. The method for manufacturing the ceramics material 
according to claim 1, wherein the calcium phosphate has a high 
purity of 99.5% or more. 

3. DETAILED DESCRIPTION OF THE INVENTION 
[Field of the Invention] 

The present invention relates to a method for manufacturing 
a ceramics material having a calcium phosphate porous membrane 
useful as an adsorbent, a separating agent, a biomaterial, a 
bioreactor and a sensor or the like. 
[Prior Arts and Problems] 
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Since a calcium phosphate compound such as hydroxyapatite 
has excellent biocompatibility, the various applications of 
the calcium phosphate compound as the biomaterial have been 
examined. For example, Japanese Unexamined Patent 

Publication No. Sho-61-213056 discloses the following method . 
The method includes the steps of: calcining calcium phosphate 
manufactured by a wet process at about 500 to 1000°C to produce 
a raw material powder for a molded body; mixing a binder to 
the raw material powder and molding the raw material powder 
into a desired shape; mixing the raw material powder for the 
molded body with another binder to produce a slurry; and 
applying the slurry to the molded product, drying and firing 
the molded product to which the slurry is applied to manufacture 
the biomaterial. However, this method using the binder 
increases the manufacturing cost. 

Furthermore, Japanese Unexamined Patent Publication No. 
Sho-62-297284 discloses the formation of a calcium phosphate 
membrane due to a thermal spray. However, with this method, 
the adhesion strength of the membrane is low and it is difficult 
to control the fine pore diameter of the membrane. 
[Object of the Invention] 

It is an object of the present invention to provide a method 
for efficiently and inexpensively manufacturing a ceramics 
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material having a calcium phosphate porous membrane which is 
extremely thin on a ceramics substrate and has a uniform film 
thickness. 

[Constitution of the Invention] 

A method for manufacturing a ceramics material having a 
calcium phosphate porous membrane of the present invention 
includes the steps of: atomizing and applying a slurry 
containing 0.1 to 10% by weight of calcium phosphate having 
a primary particle diameter of 1000A or less and Ca/P ratio 
of 1.5 to 1.666 onto a ceramics substrate, the slurry having 
a viscosity of 10 cp or less; drying the ceramics substrate 
onto which the slurry is atomized and applied; and firing the 
ceramics substrate at 700°C to 1400°C. 

The calcium phosphate used for the present invention has 
the Ca/P ratio of 1.5 to 1.666. Since the Ca/P ratio of less 
than 1.5 causes the formation of calcium pyrophosphate at the 
time of firing, a porous membrane cannot be formed. The Ca/P 
ratio exceeding 1.666 causes the formation of calcium oxide 
CaO at the time of firing, and the surface becomes alkaline. 
When the Ca/P ratio is 1.666, the most stable hydroxyapati te 
is produced. 

The present invention uses the calcium phosphate having the 
primary particle diameter of 1000A or less. The primary 
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particle diameter exceeding 1000A causes a reduction in 
sintering activity of particles, and thereby the bonding of 
the particles is weakened, and the membrane intensity is 
reduced. Furthermore, the bonding of calcium phosphate 
particles to the substrate is also weakened. When the ceramics 
material is used for adsorbing and fixing protein, enzyme and 
virus or the like, the fine pore diameter of the membrane is 
optimally 100 to 1000A, and it is necessary that, the primary 
particle diameter does not exceed 1000A so as to form such a 
fine pore diameter. Also, even when the ceramics material is 
used for a gas sensor and a humidity sensor or the like, the 
fine pore diameter having the above range is preferable. 

Such calcium phosphate can be manufactured by any known 
method, and for example, can be synthesized by a wet process 
in which a calcium compound and a. phosphate compound are reacted 
in. water . 

It is preferable that the calcium phosphate used for the 
present invention has a high purity of 99.5% or more, and in 
other words, it is preferable that impurities are less than 
0.5% by weight. When the ceramics material obtained by the 
present invention to which a biopolymer or the like is fixed 
is applied as a bioreactor or the like, it is necessary that 
the ceramics material should not contain heavy metals harmful 
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to living bodies such as lead and arsenic. It is desirable 
that the concentration of impurities affecting an electrical 
property is„ as low as possible in the case of the application 
of the change of resistance in the gas sensor or the like in 
view of the improvement and stabilization in the performance 
of the sensor. Therefore, it is necessary to use materials 
having high purity. For example, when calcium hydroxide is 
used as the calcium compound, ultra-high purity calcium 
hydroxide (CSH, manufactured by K. K. Nippon Sekkai Kogyo- 
sho), the calcium hydroxide obtained by firing JIS special 
grade calcium carbonate at 1000°C and hydrating the fired 
calcium carbonate with pure water, or other calcium hydroxide 
is used. When a phosphoric acid is used as the phosphate 
compound, it is preferable to use a special grade phosphoric 
acid according to the JIS standard. 

In the present invention, the high purity material as 
described above is used. First, a slurry containing 0.1 to 
10% by weight of a calcium phosphate compound having a Ca/P 
ratio of 1.5 to 1.666 is manufactured. The concentration of 
less than 0.1% by weight provides only a thin coated film, and 
the productivity is decreased. However, since the 
concentration exceeding 10% by weight may increase the 
viscosity, it becomes difficult to micronize the slurry in the 
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case of atomizing the slurry from a two-fluid nozzle. 
Therefore, a nozzle may be blocked and unevenness such as liquid 
sag may occur at the time of the application. 

It is necessary that the viscosity of the calcium phosphate 
slurry is 10 cp or less. The viscosity exceeding 10 cp may 
cause blockage of the spray nozzle. 

Though the above calcium phosphate slurry is atomized and 
applied onto the ceramics substrate in the present invention, 
any ceramics such as calcium phosphate ceramics, alumina 
ceramics and zirconia ceramics can be used as the ceramics 
substrate. These substrates may be previously sintered and 
calcined. Also, the substrates may be a pressed powder body, 
a compact body or a porous body. 

Though a device used for atomizing and applying is not 
particularly limited, the two-fluid nozzle capable of 
micronizing liquid drops using air pressure is preferable. It 
is preferable that a volume ratio of slurry supply quantity/air 
supply quantity is set to be 1/3600 to 1/1000 when the slurry 
is atomized and applied using the two-fluid nozzle. More 
specifically, it is preferable to respectively set the slurry 
supply quantity, the air supply quantity and the air pressure 
to 0.5 to 4 L/hour, 30 to 70 L/minute, and 4 to 7 kg/cm 2 . Since 
the excessive supply quantity of the slurry causes the 
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unevenness due to liquid sag and less air quantity or the low 
air pressure also causes unevenness due to liquid sag, the above 
ranges are preferable. Such liquid sag is believed to take 
place since the liquid drops of mist atomized from the nozzle 
are enlarged. 

Furthermore, the two-fluid nozzle scans a substrate desired 
to be applied, at a speed of 10 to 100 cm/second, and thereby 
the slurry can be uniformly applied. The slow scanning rate 
causes unevenness due to liquid sag, and a too fast scanning 
rate reduces the film thickness to bring about difficulty in 
the formation of a uniform porous layer. 

The application amount of the calcium phosphate slurry can 
be suitably determined according to products as the object so 
that a desired porous membrane can be obtained after firing. 

After the calcium phosphate layer atomized and applied is 
dried as described above, the calcium phosphate layer is fired 
at 700 to 1400°C. The fine pore diameter can also be controlled 
by changing the sintering temperature. Generally, the growth 
of the primary particles advances with a rise in the sintering 
temperature to increase the fine pore diameter. However, when 
the density of the primary particle is high, compaction may 
take place. 

[Example of the Invention] 
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Next, though the present invention is further explained in 
detail based on the Example, the present invention is not 
limited thereto. 
Example 1 

A calcium hydroxide slurry and a phosphoric acid aqueous 
solution having a purity of a reagent special grade level were 
blended so that Ca/P molar ratio was set to be 5/3, and were 
reacted at 25°C to synthesize a slurry containing rod-like 
hydroxyapatite primary particles having an average particle 
size of about 500A x 1000A by a known wet process. The final 
solid content was set to 2% . After the obtained hydroxyapatite 
slurry was dispersed by ultrasonic waves and a homogenizer, 
the hydroxyapatite slurry was moved to a stirring tank, and 
the hydroxyapatite slurry was atomized and applied onto an 
alumina substrate using an air atomizing nozzle manufactured 
by Spraying System Company, as a two-fluid nozzle while the 
hydroxyapatite slurry is stirred. As the alumina substrate, 
an alumina ceramics substrate (30 x 30 x 1 mm) for a hybrid 
IC was used. 

FIG. 1 shows a method for applying the hydroxyapatite slurry. 
A belt conveyor 3 for moving the alumina substrate 2 was set 
below the two-fluid nozzle 1 so that the distance between the 
nozzle and the substrate is 30 cm. The moving speed of the 
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substrate was set to 10 cm/second. The slurry (viscosity: 2 
cp) of 2 L/hour was supplied to the two-fluid nozzle 1 using 
a pump 5 from a stirring tank 4, and air of 60 L/minute was 
supplied from an air compressor 6. The air pressure was 6 
kg/ cm 2 . 

Thus, after an apatite layer was applied onto the alumina 
substrate, the apatite layer was dried at room temperature, 
and was then heated to 1100°C at a temperature rising rate of 
100 °C/hour in an electric furnace. The apatite layer was held 
and fired at the temperature for 2 hours. A scanning electron 
microscope observed the cross section of the fired substrate, 
and as a result, the film thickness was about 2 |am, and the 
average fine pore diameter was 2000 to 5000A. 

FIG. 2 shows a scanning electron micrograph of a particle 
structure of the cross section of the substrate. 
[Effects of the Invention] 

According to the method of the present invention, the calcium 
phosphate porous membrane having a fixed film thickness can 
be easily and inexpensively formed on the ceramics substrate. 
In this case, the film thickness and the fine pore diameter 
can be easily controlled, and the adhesion strength of the 
porous membrane is also high. 

Since the ceramics material having the calcium phosphate 
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porous membrane obtained by the present invention has the 
calcium phosphate porous membrane having high activity, the 
ceramics material is useful as the adsorbent, the separating 
agent, the biomaterial, the bioreactor and the sensor or the 
like. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration of a method for applying a slurry. 
FIG. 2 is an electron micrograph showing a particle structure 
of a cross section of a ceramics material manufactured in 
Example 1 . 

[Description of Symbols] 

1 ... two-fluid nozzle, 2 ... belt conveyor , 3 ... alumina substrate, 
4 ... stirring tank, 6 ... air compressor 
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